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(57) Abstract: Disclosed is a method for manufacturing a semiconductor device wherein SiHsCHs having a concentration of 1-10% 
is diluted with H2 and a part of the diluted SiHsCHs, GeH4 and SiH4 (or DCS) are supplied into a chamber of an epitaxial system 
at respective flow rates, thereby growing SiGeiC epitaxially. By diluting SiHsCHs, the concentration of oxygen impurities in the 
SiHsCHs is decreased, and thus oxygen impurities supplied into the chamber is decreased- As a result, the concentration of oxygen 
impurities contained in the formed SiGeiC film is decreased. 
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[0001] ^mmi^. ^mi$^mm<Dmi^i7mimu m^. ^t''^=3ei/-\'/v^ft^w^fflv> 

37590^^|g (#f^JCfi^2) (^^^^nrv 
#fPJcmi: e;^#^2003-203872-^<i^# 
#fF:5:m2: e^#^2002-237590-^<i^# 

{i\ 'S;i)fci#i|iS^^^#<i~.57t*6HBT(Hetero-junction Bipolar Transistor: 
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[0005] SiGel^lC (^*) ^^Ml^fcSiGe : C^^UBT<D^—y^(DU^t\^Xm^^fl 

iGe(D+§-^^r^l^AoT. B(DmWi:^^<:^tii^X^^o 
[0006] SiGe:C{*HBTO;z^^;fe^)-f , 'a:#^;^h^>':^;^^^ft^t"§MIS-FET( 

Metal Insulator Semiconductor Field Eifect Transistor) (D^^-Y^M^^^^htlX^^^ 
o SmU±i^^^^/^tL-XSiySiGe:Cmmi^^^'r^t. SicDmi^'MWctSiGe: 
C(D^^^mt(DmKm-5\^XSiicm^i!)^-^K.htl^o M^^^. Si(D:x.:^/V^— 

[0007] ^t°i5^=¥v'-r/^^;S:t-J;'9?l^^$tt^Si/SiGe:C(;ioV^-C{i. 

[0008] SlGe : C^CVD (Chemical Vapor Deposition : >f k^M^ ^ft) V ^T^t°^ 

=^v'^/V^;ftt-J:«9?f^^i-§o i^^;^f;^f-{*SiH CH , SiH CH , GbH , SiH # 

2 2 3 3 4 4 

^>mv^, =3ri'yT;^f;^tC}iH ^fflV^;5o ^t°i5'=3r^>-V/V^ftt^J:«9^^L/cSiGe:C(G 

2 

e^iSlO%) (DC. Ge*5 j;T^O (^^) <D^6S:/n:7r^/V^SIMS (Secondary Ion 
Mass Spectrometry: KX'O^^l.fct^S. =r.\f^^l/\;V)^ 

mz.^m^m^tz.s\Go}im^x\omnMM\^. i x io^W'^^cd^j^^^m^^^^s 

[0009] $^>}cl, SiGe:C-^:$t«9iAm^^m^^^i^(75^iS{^C^iS^/cf^Ge^iS(-'fife 
^Jg^LfCo Ge-0|^'a'^^/l^^'^(659.4±12.6/kJmol"');6S, -ftfe^Ge-S 
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(301.0±21.0/kjmor') . Ge-C^^^^^^U^— (460.0±21. 
[0010] t^^^^. Si^-^Wi-^;^^^ (f?!jx.{^SiH . SiH CI m) irGe^-^Wi-^;^';^ mx. 

4 2 2 

4 

3 3 

:ff:^Ge¥L ^Si^^ir^:ff:^mK.\^SiH , SiH ci mt^f^^^^X, 

4 4 2 2 

mmm&m x io'^cm~^J;«9^;0^(i'iS<. i x lo' W^^^fcf*;^mRB#J^T^^<e 

3 

CH K^^ti^mm^^m<^^Wj2-t?^tKXoxsiGe : c^mm^^m<^^m 

3 

[0011] HBT(D^— ;^^^SiGe:C^ffiV^;5^. rtVtC^«93A^tl.^^^^^|ifii^(-J;o-C^ 
-YUT (Carrier) <D^^:7i5''^i>. (Life Time) ^5>(g-f-^;5„ ^(Dfcib. UBT(D^—y<.iC:}d 

iir^n^^mm<DmMicx^-<—y^mmi!)^mMvx. hfe (3^55/^^«&«»j#) 

^fcii>. HBT(D^— >?.^fc^*MIS•FET<D^-\'^/^^e:SiGe:CMV>§ri!^c:J;^9. H 
[0012] :$:mm(D @ 3it°^drv^-^/V^;fttCj;«9?]^^$tL§SiGe:Ct;i'^m§^^^ 

[0015] ^^pj tcj:§^^#:^g(^/c«AaiHij^^M. ^mi^Mmm^mm. rn^r^^ 
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3 3 2 

3 3 

[0016] \z.x^^mw-mmt. hbto^— j^^fcf^Mis -FETCD^^^/vt^, m& 

3 3 2 

1 X 10'®cm~^iiAT(^SiGe : C^ffl V 

[0017] ^mi^m^^tifc^(Dm(D^m<D\K-D:^>(Dm^%:&<ri^mc^nxmm 

(b) ms(D^^^^^^]}T^^:^ti.x^ ^^^thfnmmMi(D^^^(D—^^R}t^m^m 

(c) mm^3(D^y^^^^VT:ffy^tVX^ Si^^mir^m4<D:ff::^^XX^Ge^^mir 
2. 3®l|E«(Dif^^#:^M(^M5t^&l-*5V>-C. tfflE^l(D;?f;^«. SiH CH . SiH 

3 3 

(CH ) , SiH(CH ) ^/c«Si(CH ) "Cfe^o 

2 3 2 3 3 3 4 

2 

3 3 

ttiiEsiH CH (D^ga^*o.l;o^fe2o%T^fe^o 

3 3 

5. ^mm(D'^mpmu(r>m:m.:^m\z.i5\^x^ mm'mi(D^:^\-ism ch x^k). 

3 3 

filfSSiH CH (D^ii^tt0.2;6^^>10%^^fcSo 

3 3 

6. i^imm.(Di^mw-mu(D%'Wom\zLid\^x. mmmi(^:»^\^sm ch -efc«9. 

3 3 

tftlBSiH CH (DmWitO.Qi)^h5%X-h^o 

3 3 
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8. mmm.(D^^mi^mm<Dm:^:>7mz.m^x. mmmi<D^^^<Dm^&\^3^^h4 

12. mimm.(D'^mw-mm(Dm^:ffm^^\^^x. mmsiGe-.cK^-^ti^mmm 
^mm<Dm&u5 x lo' W"^j^T-efe§o 

13. i^r^^t^i¥^mi^mm: 

^5^^|ifii^CD^ft^;e(Sl X 10'^cm"^^T-efe§SiGe:Co 

14. ^13SEm<^^^^^e^;l^3V^T. ttfiaSiGerCf*. ^^-(:^—9h9>i^:^i^(D^ 

15. iI14tB4fe(D^^#:^gti*DV^-C. tlitdSiGe:C(i-^m^Ge(D^tS{*10;6^^> 

16. 3Sl3|B«(Di^^^^M{-*5V>T. ttflBSiGerC}*, MISFET(D^-Y^/V^« 

17. ^Rl6fBft(D^^#:SMi^*DV^-C. tfifBSiGe:C(^'^mSGe(D^iig{i20;6^^> 

[0018] :^mKm^^tifc^(Dm<D^m(D\ ^<^:d^(Dwm^!^TKmc^iirxmm 
^w.^mf^^mtvx^t^mxm^m^t:Lh(7:>)^o.3%&<±(Dmi(^M&x^mir 



wo 2005/076326 



6 



PCT/JP2005/000473 



(.A)mi^-^fhtimmm(D^^mPc^:^(Dmmmi(D^^^m\^x^ mm^mm^ 

4. t^JfBIIIIlII;e)^^>^3II(DV^-f :tx^^^of^*5V>-c. tiifB||2(D7K^;^f^(^j^Sfi 

^mR}t^^xh^mm^^mi^mm(7)m^^mo 

^iy^/vmw:i—m^—mi^3^Ki±w^^^^m—R}^^^\Hxmmir^i,<D^m 
i-)<D:^}i°^^iy-r/vm^mmR}t^^xh^mm^mi^mm(Dm:^:f7^o 
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10. t^^fBII^lII^^^>^9^g(DV^-f :tx^^— ^^^:}oV^T. tfltS^l(^#f?J^3^;^f^(^ 

12. mJtB^S^l^g;0^^>^llII(DV^-rt^.;0^-o^^*5V^T. mmmico^^mP^:^^ 

13. tffflE^lll^;5^b^l2]fiCDV^Ttb;6^— o^c:i3V^-C. tufE|ll(D#3^jmW:;5f;?^ 

15. t^^lE^|llJfi;5^fe^l4]RcDV^-ftl/^^— oic:j3V^-C. tufB01<Z)#|RJ^3^;^'v?L 
<Z)^AS}*4y0^fe2O-efe^fulS^^^3gg(D^5t;^^feo 

17. t^^lB^Bl^;6^^>^16^(DV^•ftI.;0^— ofiljSVN-C. tulBBi(^|gS{*o.6%j^ 

18. tf^|E^^l^}?)^^>^17^(DV^i='^^;5^— o^^:i3V^T. mm'mi<Dmm'ii%si± 

x:h^mm'^mi^mm<Dmm^m:o 
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19. mm^MiM^^hmi8m<D\^'m^^—DK^\^x^ mmMi(Dm&i-i2%&.± 

21. i^r(Diiu^^t^^mi^mm(7)m^:^&: 

22. mjtBiS^21iIti*DV>-C. tiifB01<D^iS«l%i^±-efe^ti)fE^^#:^g(D 

23. t^^flE^S21^;?l^^>^22]fiCDV^'rtl.>5^-o^C*5V^-C. tufE^l(DMS}*2%iy. 

24. tf^tEII||21II^^^)^23^g(DV^i^tt;6^— ofC:}3V^-C. tutB^l(^itS{*5%i^ 

26. ti|tEiI^21iI;i^^>^25iI(DV>-f :tx;i^— o^-:^3V^T. ffrfSHJ^^^^^fc^M^ 

27. i^^|E«||21^^^^^26^(DV^•rtbyO^— Ol;i:f5V>T. ttf|EMJ^:^f*^^5/^M 

28. tf^lE]S||21^3el^^>M27^CDV^-ftv;5^— olc::i3V^-C. tulE^f^^ari^-r/^S 

29. ttifBiR02liH;5^b^28iS(DV^-f tL;5^^o^c:}oV^-c. tufB^t^i^^^^^^/vJBfi 
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30. !^r<DJM^t?'^mi^mm<Dm^:^m: 

31. t^^lE3g^3o^^^*DV^T. mmmi<Dmn^^<Dmmm^mm(Dm&mppm. 

32. mmmm^omi^m^x. mmmi(Dmn:^^^<Dmm^^mm(Dmmmppm 

33. mm^msomK^^^x^ mmmi(Dmn:ff:^(Dmm^^mm(Dm&m. spp 
m^mx^:6mm^^^i^mm(Dm^^mo 

34. tf^tEII^30II^C*DV^-C. tiftB^l(Dj^^;(f;^<D^^^^Mi^<^^iSf*0. 2pp 

mMmxh^mm'^mi^mm(Dmmjfmo 
m^mxh^mm^^mi^mm(^m^:^mo 

36. t^^tEIIm30II;?)^^>^35^S(DV^-f o^;I*3V^T. tufB^^#:^g(DM]^ 

37. tiflBiI^30JS^^^)^36iI(OV>-ftl./6^— o(^:}3V^-C. tflfEX^i(b) t^*DV^T. 

38. |j;T(^X@^'^t?^^#:^e(DM5t;^^fe: 

(a) ^i(Dyi^m:ff:^^ftzmmm^^^t^i^y^^mt^m:ff^^mi(^M&x^mir 
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39. t^^|E^038^^c::i3V^T. mWMit^'^fdi^^^;v^^mm-^fzM<om^^i(0 

40. ttflE^B38^(;i:JoV^T. ttilBM^b^^fc(*:7^/Vi5'^a3iibfc^(^ttilB^lo 
i^3^;^f^(D^^^^i^i^(D|iS(*3ppm7fe«-efc^ttf|B^^^^M<^M3t;^&o 

41. mmm.f^ssm^^\^x. m^mt^i^fd,'t^^;v^^mm^tM(Dm^^i(D 

42. tiifBis038«(^*5VN-c. mmmt^i^fdiiy^/v^^mm.f^ik(Dmmmi^ 

jmW;^;^(D^l^^^^i^<^mS(*0.5ppm*«-efe6tffflEii^^#:^g(D^5t^& 

o 

43. tf^tEII^38II^^:^oV^-C. mmmt^^f^\-i'74^^'^^MW^f:M(Dwm^l(D 
ig3^;^f;^(D^m5^:f|iei^(D|iS{*0.2ppm*^^-efc§ttflB^^#:^©<DM3t^& 

o 

44. tff|S^m38:S(cl^oV>T. tff|SM^b^^/cf*:7^/V^^M3^b/c^(Dtff|E^l(D 
i^3^;^f^(D^m^^l^i^(^iiiStt0.1ppm*^n:?fe;5tfffB^eS^^m(DM^;^ife 

o 

45. t^^lE^||38^^^fe^35^(DV^'r^^^^— oi;i*5V>-c. mm^i(DmM^:^\tn 

46. tif|BiI^38JS;^)^^)^45iI(DV^-ftb;6^— o(c:j3V^-C. tutE¥^#:^^<^Mit 

47. t^ffE^R038II;6^bll46^S(DV^-ftL;5^^o^c:}oV^-C. tufEX@(b) ^c*^v^-C. 
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48. ur(Dmm^^t^^^mi$^mm: 

49. tf^fBJS^48II^^*DV^T. tfltB^t°i5?^^>-^/kjg{i/W;K— 9h9^v^^^©^— 

50. t^^lE3g||49^^^*DV^T. ttrlE:^t°^=¥^^-Y/VSl;i-^^tt^Ge(Z)^iS«10;0^^> 

53. ^T(7)X@^^ti>^^#:^g(DMit;^?*: 

9 

54. tffiE«^53^{ci*3v>T. w-mmi(^mmm%}^±xh^mm^mi^mw:(^ 
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55. MfB^B533®y0^b^54^(DV^-f tL;0^^o^C:^5V^T. tirfBBl<^MS{*2%J^ 

57. t^^|B^S||53J®;6^^|l56^g(DV^TtL^^ — o{z^\^X. tij|B||l(D^^;^f:?^(D|ifi 

58. t^^|E^053^;?)^^>^57]fi(>DV^'r^^;5^-o^;l:}3V^T. mmK}t^mi^^mm=r. 

59. t^^lE3g^53^;0^^>^583S(DV^-f tv;0^-o^;I^5V^T. tlflBMJ^;:^«^^5/^M 

60. t^^lE^SIl53JK;5^bll59^g(DV^-f — oizm^X. Wm^^'^^iy^^^Mit 

[0019] :^mK^\^^xm^^ti^mm(D^-h. i^m^^j:^>(DKXoxnhti^^^^mm^ 

mmirtimy^r(Dtmxh^o 

[0021] [Hl];^^8g(5D|lii(D?l^Sl-efe'5^^ttSiGe:C^-<— ;^i:i-§HBT(DM3tX@ 
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m6m5izm<uBT<Dm^:i:M^(Dmitmcmpjf<D^^mmm'Ch^o 
m7m6icm<iiBT(Dm^rM^(Dmitm]:^mm(D^^mmmx-h^o 
m8']:^mm(Dmm(Dj^mix^^iiBT(D^—:y^^^irmm(D^^^^mx^^. 

m9]^^m(DmM(Dj^mixh^iiBT(D^—:^(Dj^mcmv^^^^°^^-y^^^^^ 

3 3 

^i^(DSiMS:/n:7r-f/v-efc§o 

[011] (a) n^\l°^^iy^/U)i^m^Xm^)^l^fcSiGe(D^m!>^(DSIMSyviyr4/l^ 
. (b){iSiH ^m^t:iSi(D:r.\i°^^->^/U^-S:^iC, GeH i^TGe^, SiH CH iZ. 

4 4 3 3 

[Eii2]siH CH mm. ^xxm icxv)%^^titisiH ch iz^i^ti^mm±(Dm 

3 3 2 3 3 

[Bll3](a){*|^Sl%OSiH CH (D^Wi^^. (h) \t.m&5%(DSiH CH CD#D5^ 

3 3 3 3 

m^ (c) J*^iSlO%(DSiH CH (D^M^^. (d){*^3^b^cCV>SiH CH (D^t^^ 

3 3 3 3 

[|l|14](a)f*^R-f^bfc^Sl%. 5%*fc{*10%(DSiH CH (Dtf^^Ai:#f^b/^V^ 

3 3 

l6g0.1%(Z)SiH CH <DmmMt<Dit. (b)fi#|RL/c|gSl%. 5%^fcfilO% 

3 3 

(DSiH CH CD=i>?>M-^:7;^— ^:/><>i:#f5bJfeV^liS0.1%<DSiH CH (D=t;??>M-^y' 

3 3 3 3 

:i'—'^>:^t(Dit. (c)f*0.1%<DSiH CH KMir^m&l%. 5%*5j;U?10%(DSi 

3 3 

H CH (D^^it^^irmXh^o 

3 3 

m^^^iri^^ymxh^o 

[g|16]^3^L/^V>SiH CH MV^T^^^$tb5SiGe:C^3j;U?^3^b/c^iSl%. 5 

3 3 

%^fc(ilO%(DSiH CH ^ffiV^T?f^^$tL§SiGe:CiC-^m§^^^^|ifi^^^i 
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:y^mMtmm (Duration) t<Dm^^^ir^^9ym'(:^h^o 

3 3 

§siH CH (D^n^mmi^ti^i^°^^iy^/vmm<Dnmm^^^^'rmxh^o 

3 3 

[023] m 22 J;i^<HBTCDM5t X@ cfi (D El22^|^C@^(D^t|Sif BH-efe^o 

[H 25] El 24 M<HBT(DMit X@ ^ (D H 22 ^ IKI gJf (7) if ® El -efc^o 
[Bl26]|l|25f;iJ^<HBT(DMatX@ct'<Z)Bl22^|^C00f(7)^§PifBll|-efe^o 
[027] 0 26 l;iJ^<HBT(Dj^3tX@ 4^ (D El 22i! |^C@0f (^^$Pif ® la-efc^o 
[|l|28];2^^5g<D^JfeCD?1^^3-efc§^^SiGe : C^^^^/Viri-^n^^^/VMIS -F 

ET^^i-^t^<7)M§p if® El -e$?§o 

[|2|29];2^^K(D||Ji<Z)?|^ffi3-efc§^^SiGe : C^^-V^/Vi:i-§p^-r^/VMIS -F 

IS • FET(DM5t;^&^^i-*+^<^ ® fl3 if a El -efcSo 

[EI3 1] El 30 i;i^<n^-Y^/^MIS • FET(DM5aX@ cf' <^ El 30 ^ |r| C@0f if 

ffiig-efe^o 

[11132] El 3 1 Jcl^<n^-\'^/VMIS • FET<DM5t X@ cfi (D El 30 ir |^ CM0f <^S§P if 

SEl-efeSo 
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[0 33] 111 3 2 tC^<n^-^^/VMIS • FETO^it X@ ^(DMSOtm CM0f <Z)^SR Wf 
[11134] ig 3 3 l^:J^<n^-Y^/l^MIS • FET(D!^3gX@ "^i (D HI 30 ^ |^ Bif 

ffili|-efe6o 

•FET(DM5t;^&^*i-*«<50MlfPiifffili|-efe5o 

[|l|36]|l|35J;i^<n^-\'^/VMIS-FET(DM3tX@fti<D|l|35i:|^C00f(^S$Rif 
[11137] 111 36 t;iJ^<n^-r^/VMIS • FET(Z)MaaX@ <5C) 111 35 ^ III C@0f <^^f|5if 

ffiHl-efe^o 

[11138] in 3 7 lcl^<n^-\'^/VMIS • FET(D!^3^X@ cfJ (D HI 3 5 i! |^ C@0f if 

ffiin-efe^o 

[11139] m 38 t^^<n^-r^/kMIS • FETO^jg X@ (D m 35 i: 1^ C@gff (^^§|3if 

ffiin-efe^o 

[g|40]|g39l;iJ^<n^-\'^/VMIS-FET(DM5tX@ffJ<DEl35i:I^C®Bff<^^§|5if 

[0023] ^/c. j^TC)iiii<D?i^^};i3ov ^T. (^m. m,mm^^t^) 
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[0025] mmi^:.. &^r(Dmm(Dj^mKis\^ ^r. mm^mm<Dj^^. {Mw^^t-w^-r 

^i:<. ■^5-e>feV>^5g^$ttfc#'^^|^#. TFT(Thin-Filin-Transistor):ioj:U? 

STN (Super-Twisted-Nematic) W^^<^^D^<^:^^y^^<^^(^^^&^±.<(^i¥htl 

. '^tii^—^^i^h(D^^m\^^^i7mx:hoxh!^^\ :L(D^tit. mm^^t^i^^^^ 

[0029] ;^i|-e;?f^tcov^-cw&i-5^#«. mm(Dtiib r^^:^^;^j#(Dri:<. ^ 

[0030] WT. :^^M<^^^fe(D?l^ffi^0ffi^-S-:5v^■ri¥lP^^-l^fc5^i-§o 

[0031] 
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[0032] ^-f . Eii(^^-rj:5i-. ^^i?rffl#«o ^<7:>^m(Dmmm. ^^m^^^^^^ 
[0033] m^. m2iz.^irx^K^ m^5o^^h2oom&(Dmum4.^xxim^5 

(Tetra Ethyl Ortho Silicate : Si (OC H ) )t:ty^XO )t^y—:^^:^\Z.m\^f--^'y 

2 5 4 3 

[0034] ^tc, |l|3tc^i-J;5t^. ^WilAi\z.^ i?:$50;5^b200nm@S<^v^y=':/^^bJ^6:j3 
[0035] mz.. mAKT^irXoK^ ^>'i^$tvfcl/v?;^h^-^;^i^^bT. mmMl, i^V 

[0036] m5K^irX^K. mUl±-K. )?$10;6^^>100nm@S(^v'y=3>'^^bll^^ 
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[0037] m^. meiz^-rx^i^. ^^^lyh^iy^i^^i^x^omumr^^^u ^hi^mmx^x 

[0039] msK^ ^—^^^irmU(D^^W:^m^^^o -<-;^iof*. T;0^£>Jig(;i*tt^ 

(Intrinsic Semiconductor) -efe§SiGe:C(^^/.T^ i-SlGe : CirlEi") lOa^ 

mKmms.<D^'^m.^mw-x^^siGe:c{i^xr. p^-sioerc^iE-r) 10b. 

t-{SliS<^p"M¥^#:-efc§SiGe:C(J^T. p"-SiGe:Ci:tEi-) 10c*Dj;tFSilO 
dt^hti:^o i-SiGe:C10a, p^-SiGe:C10b, p"-SiGe:C10c:JoJ;tJ?SilOd(Dif:$ 

7^^mu^^\^ir^t^.mWi^<D^=^^^^v^t•^tm^\^xmmzimm^^ 
ommKi±xi^^m<Dm^m^:k^\^^tnx.^ti^)o "^^i^^^iRit^m n^m^^^ 

2 

f?[Ix.}iSiH . Si H ^/c{^DCS(Dichlorosilane:SiH CI ) . G 

4 2 6 2 2 

4 2 6 

;^(#r|;t{^AsH ) . C^'^^i-§:;^f;^(^r|;^{^SiH CH ) #^#^^i-§^tb^*tb©;^f 

3 3 3 

:^'y^i^ibmm^fiX\^^o c^^m^^-ff^^tX^XSiYi. CH ^fflv>/c^5^ -^^Ix-fiSi 

3 3 

H (CH ) , SiH(CH ) ^;^c{iSi(CH ) ^fflV^T^)J:V\ HCUiSii^^J^HigWc 

2 3 2 3 3 3 4 
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X 2x+2 
2 

o SiH *fc(*DSC(D^i{^-^vC.:7n— =t>'hn— 7MFC2i^j;«9. GeH (D 

4 4 

2 6 

2 

2 6 2 6 

2 6 

3 

2 

MGLt;i^^S;5ttl(;iAsH f*#3^$tb5o ^prf^^ttfcAsH f^-^^'L^'n— 3>'hc2— ^ 

3 3 

MFC9t::J:(9-^(7)it*dS|^^$tL, ;^f;^^^^d^^)^^^:7°inir;^;^f^9^^MGLtc^ 
$tt-C. ^-Y>-^^ll---'^lB$tb-5o ^^^c^^f^^tLfcAsH {*-<^h^-r^l2d^^># 

3 

3 

3 2 

^^^:7°n-fe^;y';:^7-f^MGLf3:^;?)S;5ffr{-SiH CH }*#|R$;ri§o #f5$txfcSiH 

3 3 

3 3 

3 3 

[0042] ^m^m\^^¥L (D|ifiS{*99.99%iiAJi(|^AB#-r^^:b^^V-<^/c{^^>y^^lC 

2 

2 2 2 

2 

iibfcfei:fi. 99.999%;5^b99.9999%^fc(i-^t^J^_h(D^^^;:e§) tCiib-C*5«9 
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2 

[0043] siH CH i-t. yr^>'^K^m^nx^^^m:^^—^f)^h'^mi^M^ii^^^^^n 

3 3 

3 3 

a 3 

)3^l.fcSiGe:CK-^'^tl^^H^(DSlMSy°vi:7r4^^. |l|ll(a)(*. SiH CH 

3 3 

*f siGe:C(DGe^mA^tifc^s^xnomm(Dmwj:mM^^hti. o 

^iS^UO'^cm"'J^±i^/^oTV^§o HI 11 (a) (C^-rj;5(-. 3it°^dr^>-Y/V^ 

Ge:C(D:x.}^°^^^^^/V^Mmia'i. Gei^^tilJloTSiH CH (cl'^^tvS^^^^ 

3 3 

mm^siGe:cicmjz.-^n. ^(Dmrnm^mm-i. Gemmt-tii-icmmi^^mMir 

^icm^^Mi-^t^x.hth^o ^mt. miKb) tc^i-j:5^^Si^3it°i57dfiy-Y/^j5fe 
;SL-CV ^Sft 4^ tCGe^fcf*C^#>sr H^lilK— tVi/bfc^iltC:j3V ^T. ^^^^ 
i^^^Sd5_h^S^>f^;ei^ofc|^li^J^;^;5^^>t>a#{t^ttSo =B^o-C. SiGe:C^;l'^^^^§ 

^^5^^»ei^^?^^-r/cJ?)(;i«. Ge^is^fcf*c^ts^?^^i-^^:e>5^m6^-efcs 
o bd^b. pjfm'r^m-^(DSiGe:c^^^ir^fcma~i. Gemm^tci^cmm^i&u 

i-^^tit.x^f£\^\ 

[0045] ^^-e. ^mm(D]^miXi^. ^m&(7)SiH ch ^^V^. r^^^H KX^^Ml.X 

3 3 2 

^-^>'^^-.#k|&-r§-i:i;iJ;«9. C?iS?r^M^-&S^i!?fe<^^^^/^rt(DSiH CH 

3 3 

;^s^c:^ov^Tf^. nm^M}it:^i^x^(Dmi%i^±. 2%^_h. ^fcf*5%^_h^^i- 
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[0046] — l^f^SiH CH (^liSf^'fee>-f . SiH CH iZ.^^fh^mm^^Ml^m&i'ilOp 

3 3 3 3 

3 3 

tf^bfco Eli2{c. SiH CH ^iS*3j;tJ?^5^^^Mi^^iS<Z)-'0»J^*^a?)§o Mm 

3 3 

_bCD^I^^^*iei^(^^iS{*. #f5L/cmSlO%OSiH CH -e}*10ppmX10% 

3 3 

= lppm, #|RLfc^iS5%(DSiH CH -ClilOppmX 5% = 0.5ppm, ^Ml^tlM 

3 3 

&l%(DSiH CH -ei*10ppmXl% = 0.1ppm, #3^bfcliS0.1%(DSiH CH 

3 3 3 3 

-C«10ppmX0.1%=0.01ppm^>^ce«9. SiH CH M&^^WPir^i^m^. Sl^-h 

3 3 

3 3 

J?)So (a)}«i^l%CDSiH CH ^H -e#3^LfcJ^'a'. (b) «^tg5%(DSiH CH 

3 3 2 3 3 

^H -e^f^Lfc^-a^. (c) \'im&10%(DSm CH ^H T^^Br^^Lfca-^CD^^f^^;^ 

2 3 3 2 

^^L. (d){*. iti^Ofc^6^C#3^b?fcV^SiH CH (Dm&^^iTo ^WLtim&lX 

3 3 

. 5%^/:i{*10%(DSiH CH (il^D^t^CcDDN (Dopant Number: |IStl^)fti) 0.0 6 

3 3 

^^ce§«t5t>^^ SiH CH (MFC10)<D^i(SCR),H (MFCll) <D^*(DIL) *d j; 

3 3 2 

Xfa KX'O^^^tl, P<^>'>^ti-fe>c;5f;^^^^^MGL^:^tV^SiH CH (MFC 12) 

2 3 3 

[0048] DN = INJXSCR/(SCR+DIL) ^(1) 

I2ii3;e)^e>. SiH CH m&tmm^^mi>i^m&t7:)^itmir^tuM\^f^m^. 

3 3 

$;ftfcSiH CH (>0iJ^*(lNj)^^#f5b/ceV^|ia0.1%(DSiH CH (Di)fg*(SCR) i: 

3 3 3 3 

inceosccmT^fctbf^. SiH CH ^^^i.x^mm^^m^(Dj&m^j}^^^^j:^^^t 

3 3 

^^t);O^So b;6^b#|R$tL^cSiH CH (D'MM(mj)^^^mMir^t%M^tifcSiH C 

3 3 3 

H co^*(lNj) KRitML-X^n^^^mti^o 

3 

[0049] mx.it^^^tltlSiH CH (D^4(INJ) :55300sccm-efett{^, 5%* 

3 3 

fcf*10%(DSiH CH ^^3^LTfflV>/c#^. #3^L/ctV>^iS0.1%<DSiH CH ^ 

3 3 3 3 
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IR^tL/cSiH CH (D^)fL*(INJ);i^600sccm^^fc^^{^. m&l%. 5%^)^cf* 10%(D 

3 3 

SiH CH ^%$i\^Xm^^tim^. %Ml.fj:\^^m&OA%(DSiH CH ^fflV^^c^^ 

3 3 3 3 

[0050] SiH CH (D^'$im^. SiH CH (D'MM. (SCR) ^H (D'MM. (DIL) t^m^^X'^m 

3 3 3 3 2 

i-^^ti)^X^. tff|B^(l)(DSCR/(SCR+DIL)-e^$*x;5o *fc. ^(D^^m<D 
[0051] fi:^^ ^^VT:ff^ (H ) i-i20slmn&Uir^t^^X^^<DX\ ^f^^ttfcSlH CH 

2 3 3 

(^^*(INJ) ^560sccm;ei^^300sccm(;iiix.-C^). ^<D^^b{*240sccm/20slm 

= 1.2%-efe«9. ^fclRTlR^tLfcSiH CH (INJ) ^560sccm^^P>600sccmf^ 

3 3 

i^K-Xh. ■^(Z)^^b(i540sccm/20slni=2.7%-efeS(D-C\ SiH CH (DmMilN 

3 3 

[0052] $^>{;i. 5%*fc{*10%(DSiH CH ^#f?LTfflV^fc#'^. ^3^b^^V^ 

3 3 

m&0.1%(DSiH CH ^fflV^f'J^'^j:f9t>SiH CH (Dm^A^^XJ^=^:^W<y:t— 

3 3 3 3 

-^^P^^^SMi-^-^jO^-e^^o 12114(a) #|l5$tbfcSiH CH O^a(lNJ) ;5530 

3 3 

Osccml;i*DJt^?gSl%, 5%^fc(*10%(DSiH CH ^#3^L-CffiV>/c#^(DSiH 

3 3 

CH (Dm^Mt^^}^^i:\^^M&0.1%<DSiH CH ^fflV>fcJ#-^(DSiH CH (D?^ 

3 3 3 3 3 3 

^MtCOit^^i., IHEKb) t^, lRr|R$;rifcSiH CH (Z)^i(INJ) ^^soOsccmtc:}^ 

3 3 

if^m&lX. 5%^fc}ilO%(Z)SiH CH ^^M\^Xm\^^fcm^<D=i^W<:7:i-—'^ 

3 3 

>^><>i:#f5bJtev^^iSo.l%<DSiH CH ^m\^^fcm^(D=iy^W<y±—'^iy:y^t(Dit 

3 3 

Sr^b. Illlll(c)(^. 0.1%(DSiH CH {^>^J-rS^iSl%. 5%i3XXM0%<DSiU C 

3 3 3 

H (DjSa^it^^ir, =';^h/^:7;^— ^^;^{i^(2)-e^$tb^o 

3 

[0053] =iy^W<y:t—^>y^=ilS^itxUMit ^(2) 

5%*fcf*10%(DSiH CH ^#^3^LTfflV>/c#^C0SiH CH 

3 3 3 3 

f*. ^^l.fj:V^m&OA%(DSiH CH S^fflV^:^c^^(DSiH CH ?^^»»(Dl/^6^/ce 

3 3 3 3 

SiH CH (D^mm^i&ui-^^t^^xt^o -^rcm&i%. s 

3 3 
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3 3 

0.39:^XXfOA9tts:^, 5%43j;lJ«10%(^)SiH CH ^#3^bT 

3 3 

3 3 

%^XXfm 50% tt^^o 
[0054] t^SX\ fffxlibfc j;5 SiGe : C(^:$^^9^Zi*^^5^^5^^^ie^^{*. Ge^S^fcf* 

ll^^^#|l?L/^V^SiH CH ^fflV^T?l^j,fe$nfcSiGe:C(D^*^:^|iei^^iS 

3 3 

^^b. fiK^(«iR$ti.fciSiiS(^siH CH ^m\^^xn^^^nfcsiGe:C(Dmm?^ 

3 3 

[0055] ^!|X.}*HBT(D^— >^i^clffiV^^>tl^SiGe:C^;l'^*tl^Ge^S^*^ 10;5^^40%*5 

v^e>^^6siGe:c^;l-^*^^6Ge^is^*. 2ot^h6o%mm-^mwj:m.mxh^tn^ 

[0056] HBT^fcf^MIS • FKT^(Dm^^^M^^tl^^^^^M^M&l-i5 X lO'^cm"^ 
J^_hi:#;t^)tb§o HBT^fc^MIS •FET-^(D:^#^Ste|i-etS^^^Mi^lSiSt- 

[0057] ^fJx.fi^f^bJ'ceV ^SiH CH ^m^^^Xm-^^fh^Cm&l X 10^°cm~^<DSiGe : CX 

3 3 

Gem&M^h6o%(Di^mxmm^^m^mmti x lo'W'^j^r^j'cCt). ^ 

(DSiGe:C^HBT*/c^*MIS•FET^^:fflV^§rir;55-e^a, C^tS^^^l X 10^" 

cm"^J;«9tji^</i5^^^^^|i6i^MS(^ii;5jP<^fcfe. SiGe:C^HBTCO-<— 
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3 3 

fflV>T?l^^$tV§C?iS2X 10^"cm~^(DSiGe:C-ef*. Gem&^^40%SXT-V(Dm 

3 3 

V>T?1^fife$tb6CaS3X lO^^'cm'^cDSiGerC-ef*. Gem&^n7%^mx.^tmm 
^^mmm&^n X 10'W"^e;l_hi!?fe«9. S^#tt{-J;o-C{*. r(Z)SiGe:C^HB 

[0058] -^r^-e. 5%-^fcmO%<DSiH CH »3f^b-C^V ^^^^tc:j;«9. Ci^S 

3 3 

b-c. mm^^mmm&^iyioKi&mi^ticm&2xio^%mr^(DSiGe:cK-^^ 

fh^mm^^m.mm&tGem&t(Dmm^^^ir^ mm^^mmmm(7)i&m{a^. 

#|RL/cMl%. 5%^fc{ilO%(DSiH CH ^fflV^§o ^^J^^^ifii^mS^l/ 

3 3 

loicj&uir^^tKxy)^ Gemm^6o%x--hmm^^mmmm^i x io'W~^j^ 

Ti:i-6^i!^5-e#60-e. C|iS2X 10^cm"^<DSiGe:C^20;5^^60%OGe|iS 

^i^^^^^-f-§MIS•FET(D^-r^>/^^^t^j^v^§r^;5s-e^§„ iwi^t::, c^ii^sxio^" 

cmr^(DSiGe:CK^\i^Xh. mm^^^iWM&^lXlOKjSMir^^tKXV. HB 
[0059] 016}*, #3^bJfeV>SiH CH ^m^^XM^^tl^SiGe:CioXX^^^l.fcmMM 

3 3 

(DSiH CH ^ffiV^T?f^j^fe$t^§SiGe:C^^-^m^^*?S^M^^^gS^C^iS^(^ 

3 3 

mm^^-To GemS{il7%-efe«9. #f^bfci^mS<50SiH CH MV^T?l^^$tL 

3 3 

^SiGe:Ct;i-^m^^^5^^5^i^^iS{*. #f5bJ'^V^SiH CH ^m^^^X^m^tl 

3 3 

SSiGe :CiZ^~^tl^mm^^m!l^m&(DlXlOX:h^o 
[0060] Ge|iS;6S— S-e^>. C|iS;6Sii;fjPi-;5i. SiGe : C(C-^*tv§^5^^^Mi^^iii 

{*Jt;!jpi-§o ^IRb/cCv^siH CH ^fflv^T?f^^$tv5SiGe:c-e^*. cm&^^3xi 

3 3 

0^°cm"^^M^^^^*^^^i^^iSf*l X 10'W"^^_h^/^t9. HBT(D^— 
fc«MIS-FET(D^-^;^/V-^(D^^ffl;5S|tb<J'^§o bJ^^b. ^f^L/c]^^iS(^SiH C 

3 

H ^^V^T?l^^$;^^§SiGe:C-e^i. C^iS^Ss X 10^°cm"^^ffix.S^^^^^|i6 
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3 3 

Ge : C j;«9t5SiGe :C\Z^^tl^cm&^M<ir^^ti:)^'^^^o 
[0061] ^mM<DMMlX-h^UBT(D^—y^^M^ir^yvi-^^iy—^>:y(.<D—m^ 

Vi—9iCXy)m^^tl^:^:^MMtmm (Duration) t(Dm^^^iro HBTCD-<— 
, i-SiGe:C, p^-SiGe:C, p~-SiGe:C*3j;t;?Si^T/?)^fe]li{^^t°^=3eiy-y/V^;ft 

KX'O^j^^tlfcMMWT^Xh'O. i-SiGe:C, p^-SiGe:C:JoJ;tJ?p"-SiGe:C(D?f^ 

3 3 

[0062] Ell7*5j;t^^|l|l8(^^i-J;5f-. -^:^:7n— =3>-hn— ^MFC^MMi-^ri:(^J;«9. 

2 

T;^f;^;05^5K^^rv^So -^-f. SiH (^fcf* DCS) :J3 J;t;?GeH ;5W;5!^:7ci— =i>-ha— 

4 3 

9MFC2, 3^ii«9120#r^^i'^/-^--#k|^$tb-C. i-SiGe:C;5S^^;?fe$tb^ ^V^-eS 
iH , GeH *5j;U?H KX^^M^thtcB H 9MFC2, 3, 4, 

4 4 2 2 2 

5, 6^a»930#F^^^W^'^#^^$tt-C. p''-SiGe:C^5^^$tl.^ ^V>-eSiH , G 

4 

eH 5oj;U?H KXy)^^^tltiB H ;^5'^;^y't3— n^/hn— ^MFC2, 3, 4, 5, 6^ 

4 2 2 2 

-^';?^:7n— n^-hn— 9MFC10, 11, 12^iS«9. H iZ.X<O^M^tlfcm^l 

2 

%(DSiH CH ;as^-Y^^^^#^l&^tv^o rtt};ij;«9. cm&^i&Uir^^tfj:<. i-Si 

3 3 

Ge:C. p"'-SiGe:C. p'-SiGe-.CK^i^tl^mm^^mH^^i&Uir^^t^^X^:^ 
o ^V^-e. SiH *dJ;OT iZ.X^%$^^tlfz.B H ;5S-^;^:7ri— =f>^hr2— ^MFC2, 4, 

4 2 2 2 

4 

[0063] Il|l9{ci^i-J;5t-. ^^l-hleinS^M*^. mK.\^POM iimiJW^titi^^V 
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M^-r^o ^<^^. ^hK^(D±mi^mmmmm^xxj^m.mm^m^^nx^ hbt 

[0064] /ce*3, ;?^^Sfe(D?f^^a-e}i . HBTO^— ;:^^i-SiGe : C. p^-SiGe : C. p~-SiGe 
Ge : p"'-SiGe : C*5 j;U?Si;6^/ce6^S«5t^bT^> J;V 

[0065] ^/c. :^mM(Dj^mix-\^^ m(D:fti±:^^:;<.tmi^ir^m^mM&(DSiH CH ^ 

3 3 

H X^^nU r:rb^^-l'^:/nir;^;ffv^^/r>'MGL--|)ftLT^-y^/^--#k|^i-§r^ 

2 

3 3 

[0066] f^!lx.{i\ iftlifiS (^^^^Mi^^S?55i£V (DSiH CH 

3 3 

-So 11120(a) tC. i^|ie^(DSiH CH ^Umi^fc:x.\f^^iy^/l^^^(Dm^m^^^ 

3 3 

3 3 

. ^y^^m^^fcnx\ mm(Ds^mmhth^t\^^?iv-yhyi^:h^o ^(Dm^it^ 0.2% 
mmK. mm&-r^jti^^o.3%}^±(:^hK!ii^mi^fit:^\:'Xo.6%. 1%. 2%. 5%]^± 
icy^^mmm&^Tif^^t^^x^^o 

[0067] $e>(c:. EI21 mmMm&(Dmm^^i^y:^m}^-^m:^:^^^m'r^ 
thi^ir^tmiMXh^^K itm^^\^^:^:^^^^mx^^?iVM^h^o h^b^A,^ m 

m&<D:ff^^Mmvxh^^ ^^tnn^^xht^\^ \ mM^xxi—^mA:ij^ mm) 
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[0068] ^fc. i^m<D^^^VT:ff:^^M>^T^'^:^:ify^94>MGi.^mir:^mhh^o 11120 

3 3 
3 3 

;^;^'>^7-^^MGL(^^i-tu (ttffB09#fl^) 

[0069] ^(DXoK. :^MM(DMmi-^^l^. mM&(^SiU CH t^if9#f^b. ^tl^m 

3 3 2 

3 3 

iOe : C(DV—^md^^^Ui-^^t^^X^^o 

[0071] ^<Dj;5i-bT. Mmm.i:y)<DmPt^:^^^m^xm\^^:itKiiox^ mMis::m^ 

'^m-r^^tib^x^^^o 
[0072] (mm(DMm2) 
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[0073] ^-r. m22K^irxDiz, mm2i^mM'r:6o mm2m. iyv=^>m^^^^hfi:V)^ 
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